We study dynamical correlations of two coupled large spins depending on the time and on the spin quantum numbers. In the high-temperature approximation, we obtain analytical expressions for the mutual informations, quantum and classical parts of correlations. The latter was obtained performing the non-orthogonal projective (POVM) measurements onto the spin coherent states of two spins or one spin, as well as by means of the orthogonal projective measurement of von Neumann. Contribution from quantum correlations is much less than that from classical ones and decreasing with the increase in spin quantum numbers at short times. However, it is not so in a time equal to half of the quantum period.
INTRODUCTION
By now, a lot of experimental work demonstrates implementation of quantum algorithms on nuclear spins at high temperatures using the method of nuclear magnetic resonance (NMR) 1 . It is known that entanglement is absent, but the dynamic correlations contain the quantum part 2, 3 along with the classic part. To determine the proportion of these parts it is proposed several measures (see for example a review 4 ). However, this issue has not been solved yet.
Instead of an arbitrary state, we consider a free induction decay (FID) 5 (a correlation typical for NMR). The FID is the average time evolution of the total X-projection of the spin system, normalized to 1 at the initial time moment: (
This initial density matrix evolves in time due to the secular dipolar Hamiltonian 5 as
The polarization of individual spins (initial order) (1) transforms to the correlation between a spin and a local field, created by dipole-dipole interactions:
This correlation has been well studied in NMR. It is responsible for the solid-echo 6 , if one irradiates the system by the second 90 0 RF pulse rotating about the Y axis RRF. It also can be transformed into the energy of the dipole-dipole interactions, if the 45 0 RF pulse is applied instead 7 . However, these spin-field correlations have not been divided into quantum and classical parts. Now we study this separation for a model system. We take a system of two large spins 1 S and 2 S with the dipole-dipole interaction between the projections onto the static magnetic field (axis Z) given by the Hamiltonian:
To study the limit ∞ → 
= = S S
, where the dynamic correlations are divided into quantum and classical parts equally 10 , to the case of two classical angular momenta, where there are no quantum correlations at all.
CLASSICAL AND QUANTUM ANGULAR MOMENTA
Before proceed to the analysis of dynamical correlations, we define angular moment states. We characterize the state by the polar θ and azimuthal φ angles on the unit (Bloch) sphere. A classical angular moment S r has well-defined projections on the coordinate axes:
For a quantum angular momentum or a spin we use the basis of the states with a fixed value of the projection on the axis Z:
where m takes 2S+1 values:
-S , -S +1, S -1, S . -S, -S +1, S -1, S.
It is believed that the most similar to the states of classical angular momenta are the spin coherent states 8, 9, 11, 12 (SCS): 
for the classical angular momentum
MUTUAL INFORMATION OF THE TWO SPINS
Now we return to the system of two large spins 1 S and 2 S , with the spin-spin interaction (4) . We use the basis of a direct product
. The time dependence of the density matrix (2) can be calculated explicitly as 
serves as a measure of correlation between spins. In Eq. (12)
Reducing the density matrix over states of the one spin, we find the reduced density matrices:
The von Neumann entropy can be read as
up to terms of the third order on the small quantity 2,3 β. We find 
MUTUAL INFORMATION OF THE TWO CLASSICAL ANGULAR MOMENTA
It is interesting to compare the result (16) with similar result for two classical angular momenta. In this case, instead of the density matrix ) ( t ρ (11) the state of the ensemble is described by a probability distribution of the angles on the Bloch sphere:
, (17) where
, ( 1 8 ) where
is the Shannon entropy. In calculating the reduced distribution, and the Shannon entropy, instead of taking the traces it is necessary to calculate the integrals over the Bloch sphere. The reduced distribution for the first angular momentum (for the second is similar) is
We find the classical mutual information in high-temperature approximation as
CLASSICAL CORRELATION OF THE TWO SPINS
The mutual information (16) is a measure of the total correlations, which is the sum of the classical and quantum correlations. To calculate the classical correlation, measurements should be made, or, in other words, we should project a state ) ( t ρ onto some complete system of projectors 4 . We take a system of the SCS (7). These states are considered to be the closest to the state of a classical angular momentum. The completeness properties 11 are
Doing POVM (positive -operator -valued -measure) measurement, which is a trace of the product of ) ( t ρ and a projection operator onto the SCS, we find a classical probability distribution function 9, 11, 12 of the angles:
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Note that the basis of SCS is not orthogonal [11] :
The POVM measurements are not equal 4 to the orthogonal projective measurements of von Neumann.
Using properties 11 of the SCS:
Then, follow Eq. (18) we find for the mutual information of the classical probability distribution (23), obtained after the POVM measurements, in the high-temperature approximation: 
QUANTUM PART OF TOTAL CORRELATIONS
In this case, the measurements were performed symmetrically on both spins. 
Note that in systems with a continuous spectrum the Gaussian quantum discord [13, 14] was measured, which is used POVM whose elements are the field (boson) coherent states. 
The authors of the works 10, 15, 16 show that it is the optimal choice at 2 / 1 2 1 = = S S . We found that, at least for short times, this choice is optimal in the case
. Extended to arbitrary times, we find the classical and quantum parts of correlations, respectively:
[ ]
8. DISCUSSION Figure 1 shows the time dependence of the results (16) 
) ( ) ( 12
The amplitude of the quantum mutual information (32) 
We have presented results for the POVM measurements onto the SCS, as one or two spins. The quantum part of the correlations is reduced by about half when measured on one spin. How to measure correctly -not yet been finally resolved the issue. According to Luo 17 as measured on one spin we measure the" semiquantum" correlations (does not get the measure of the classical correlations), which includes part of the quantum correlations. Let us examine why this is. At short time the density matrix (11) has the form:
After orthogonal projection (29) we lose the summand At long times after the orthogonal projection we lose in (11) the same term (as in (38)), but his contribution changes in size (at
. The contribution "the small field from the small spin turns the big spin" remains, whereas the contribution "the big spin turns the small" loses.
At
T t = the correlations reduce to zero in the quantum system. At 2 / T t = they reach their maximum values, as shown in the graphs of mutual informations in Fig.1 and Fig,2 . What is the proportion of quantum and classical correlations depends on the method of measurement. Look at the density matrix (11) 
When POVM measured on the SCS, situation is more complicated. Such state (7) is formed by sum of states with different projections onto the axis Z, which will give an alternating series, summing at 
We get the estimates (36) for the proportions of the quantum correlations at 
